I. Introduction
Separability has powerful implications for the existence of consistent aggregates and for the decentralization of optimization decisions (Blackorby, Primont, and Russell, 1978) . As a result, there is considerable interest in the empirical verification of this hypothesis, but tests of separability with commonly used flexible functional forms (FFF) entail difficulties. Blackorby, Primont, and Russell (1977) showed that global separability restrictions on FFF introduce unwanted restrictions which destroy the flexibility of the function. Although the limitations of separability tests may sometimes be by requiring at a point (Jorgenson and Lau, 1975; Denny and Fuss, 1977) , or by using an indirect route (Woodland, 1978) , testing for separability remains problematic and standard procedures tend to perform rather poorly ( B ~ ~ and Choi, 1989) . To overcome this situation, this paper proposes a new and simple non-nested procedure for the test of separability restrictions. In keeping with the application that follows, the test is developed for the case of input-output separability within a translog multioutput cost function. An empirical application of this test which uses Vuong's (1989) likelihood ratio tests for model selection is presented.
Separability and Flexible Functional Forms
Consider a multiproduct firm producing a vector of N outputs y using a vector of M inputs x according to a technology described by the transformation function t(y, x) = 0.Under cost minimization, this technology is equivalently described by the joint cost function C(y,w), where w is the vector of M input prices. A case of separability in this setting occurs when the transformation function has the additive form t( y, x) separability, Hall (1973) showed that the joint cost function can be written as C(J,(y), w). This structure justifies aggregating outputs into a single production index, a procedure adopted in many studies.
If C(y, w) is approximated by the translog functional form one obtains the system of cost and share equations:
where S, = a In C/a In w, is the jth input cost share.
Following Blackorby, Primont and Russell (1977) , the restrictions that would make (1) and (2) satisfy the separability structure C($( y ), w) are where Qi = a In C/a In y, is the ith output cost elasticity. Three alternative ways of imposing (3) have been used for separability tests.
First, the restrictions in (3) will hold globally iff:
These are the global nonlinear separability restrictions, and are equivalent to writing the cost and share equations as where J, is a Cobb-Douglas aggregator function of the type:
This illustrates why the global nonlinear separability test is unduly restrictive: the aggregator function J, is forced to be homothetic and of the Cobb-Douglas type, which does not satisfy the requirement of a FFF. A second way of imposing (3) is to require yji = 0 (V j, i), which gives the global linear separability restrictions. This implies that the cost function must have the separable form C = J,(y)c(w), which means that the technology is not only separable but also characterized by constant returns to scale (Hall, 19731 .' The third type of parametric separability tests requires (3) to be satisfied only at a specific point. Choosing the point (J, F ) = (1,l) so that Qi(J, F ) = pi,the restrictions for the local test reduce to (4). This is equivalent to writing the cost equation as where J, is the Cobb-Douglas aggregator defined by (8). This model is somewhat unattractive because the implied share equations are as in (7) and are still constrained to have the Cobb-Douglas output aggregator function (8). In particular, if one were to test separability based on the share system alone, the local test would be indistinguishable from the global nonlinear test.
A Flexible and Separable Translog (FAST) Model
The problems with the tests discussed above arise because the separable model is required to be parametrically nested in the unrestricted model. This, however, is not necessary. Recall that under separability we need to model C(#( y), w) in a flexible fashion. This can be achieved by modeling both the function C(+, w) and the function +(y) to the second order approximation.' Choosing a translog form for both functions yields a flexible and separable translog (henceforth FAST) model that can be written as in equations (6) and (7), but with an output aggregator function given by:
This gives a flexible representation of the cost function C(+(y),w) by construction, and can be tested against the alternative hypothesis that the cost function has the general form C( y, w), a second order approximation of which is given by equations (1) and (2).
Two features of this approach should be noted. First, the FAST model is non-linear in the parameters. Moreover, because +(y) is an argument of C($, w) it 'Thus, while global nonlinear separability reduces the cost function to a translog with Cobb-Douglas aggregators, global linear separability reduces the cost function to a Cobb-Douglas of translog aggregators.
'A similar approach was used by Fuss (1977). In his case, however, (homothetic) separability was assumed, rather than tested, to justify a two-stage optimization procedure.
can only be identified up to an additive constant and a scaling factor. Thus, one can set 6 , = 0 and 6 , = 1 .
Note that, because FAST is a "translog of translogs," it contains both the globally nonlinear separable case (when ~3 ,~ case = 0) and the globally linear separable (when y, = 0).
Second, the FAST model is not parametrically nested in the unrestricted model, and therefore testing for separability in this case requires a non-nested framework. Vuong (1989) provides a unified framework for nested and non-nested models, based on the Kullback-Leibler Information Criterion (KLIC), which may be particularly suited to the case at hand because it is robust to model misspecification (because the FFF used to test for separability is an approximation to an unknown function, there is no presumption that the true model belongs to the chosen parametric family).
Hence, in what follows Vuong's testing procedure is adopted, although the specification suggested here to test for separability could rely on other non-nested tests.3
IV. Nested and Non-Nested Tests
The main test to implement is that of the FAST model of (6) and (7) with (10) versus the general non-separable model (1) and (2). Because FAST cannot be obtained from (1) and (2) by parametric restrictions, the two models are non-nested; more precisely, they are overlappi~lg (partially n o n -n e~t e d ) .Ãs a benchmark, the three types of separability that can be obtained from the general model by parametric restrictions (local, global nonlinear, and global linear) are also tested (in a nested tramekvork). Finally, it is interesting to know whether the FAST model is in fact better than the three types of separable models obtainable by parametric restrictions. As mentioned, the global nonlinear and the global linear 5eparable forms are nested in FAST, but the FAST model and the locally separable model arc partially non-nested.
Each of these tests involves comparing two models of the form:
where t = 1,. . . ,n indexes the individual observations, "ate, however, that from an economic viewpoint separability either is or is not a property of the true model. Hence, non-nested tests that conceivably can reject all models, such as those reviewed in MacIQnnon (19831, may be unattractive when the focus is on testing for separability.
4 S e e Vuong (1989) or Pesaran (1987) for definitions of nested, overlapping (partially nested), and strictly non-nested (globally non-nested) models. lihood-ratio statistic. Testing H,, in this framework repuires a characterization of the distribution of LR(0,ij). Vuong (1989) shows that this distribution depends crucially on whether or not f(.l . , 0 , ) = g ( . / . , q , ) under the null, which in turn depends on the models being tested. When'the two models are striccy non-nested, then f(.1 . , 0 , ) # g(.1 . ,q * ) , and LR(0,4) is asymptotically normally distributed. Hence, H, can be test$ using the normalized likelihood ratio NLR(@, 6 ) = LR($. Ij)/(n'/24), which is asymptotically distributed as a standard normal under the null, where G2 is a consistent estimator of w",the variance of the limiting normal distribution of LR(0, 6)). When the two models are overlapping, it may or may not be the case that f ( .1 . , 0 * ) = g ( . . ,q * ). Thus, Vuong (1989) proposes a 2-step procedure. The first step tests whether f ( . . , 0 , ) = g ( . . ,q * ) by testing H,"': o?,= 0. This is accomplished using the variance test statistic VTnG< which is asymptotically distributed as a weighted sum of chi-squares with weights calculated as described in Vuong (1989) . If H,"' is not rejected one immediately concludes that the two models are equivalent. If H,"' is rejected, then f ( . ( . , 0 , ) # g ( . ( . ,7,) and one may use the statistic NLR described for the strictly nonnested case. Finally, when model G is nested in model F then f ( . . , 0 , ) = g(.l . ,q * ) under the null hypothesis, and the statistic of choice is 2LR(0, <), which is asymptotically distributed as an appropriately weighted sum of chi-squares.
V. An Application to Dairy Production
The framework developed above is applied to a multioutput cost function of Canadian dairy farms. Input prices are exogenous at the farm level, and the hypothesis of cost minimization appears a tenable one for these dairy farms. This leads to a cost function representation of the production structure."^ estimate the cost function, a data set consisting of 612 farm-level observations of Ontario dairy farms is used. Inputs are aggregated into four groups: labor, feed, other intermediate inputs, and capital, while the output vector consists of three groups: milk, livestock products, and crops6
Two separable structures are postulated which, together with the non-separable cost function, give rise to the following three models:
H,:
Hc-:
where y, denotes the l t h output and w is the vector of 4 input prices. Thuc, HA reprecents the unrectricted coct function, H, represents the hypothecic that the "he predominantly cross-section nature of the data means that they are more appropriate for analyzing the long-run structure of the typical farm, the size of an individual farm reflecting a number of unobservable conditions in addition to the effects of input and output prices.
'Milk output is measured in hectoliters, while the other aggregates are approximated by Fisher ideal indices. All right-hand-side variables are normalized to equal 1 at the median value of the sample, and the total cost of production is measured in dollars. These data were collected over the period 1978-83 by the Ontario Dairy Farm Accounting Project. whole output vector is separable, and H, is the hypothesis that only two outputs (milk and livestock products) are separable from the other variables.
The estimating model for H , is given by the cost function in (1) and 3 of the 4 input share equations in (2). For each of HE and H, . we have four models: first, the FAST model proposed in this paper; second, the model with local separability restrictions; third, the model with the global nonlinear separability restrictions; and fourth, the model with the global linear separability restrictions. For all models, symmetry and linear homogeneity in prices of the cost function are maintained. Concavity of the cost function in input prices was checked and found to hold at the median point and at, at least, 93% of the sample points for all models considered.'
The tests of the hypotheses HE and H, . against HA using the non-nested approach are reported in the first column of table 1.Critical values for VT were obtained by simulation as the 95 percentile point of the empirical distribution of VT, based on 100,000 random draws. In all cases the hypothesis that w", 0 is rejected by VT. On the basis of the NLR, the hypothesis that H, fits as well as model HA is then rejected in favor of model HA. Hence, input-output separability cannot be maintained. On the other hand, the hypothesis that Hcfits equally as well as HAis not rejected. Thus, there is support for the separable structure C(4(yl, y,), y,, w), suggesting that the milk and livestock outputs can be aggregated in a single (animal products) index.
A benchmark for these results is offered by the usual nested separability tests which can rely on the likelihood ratio statistics. Results for these tests are also reported in table 1. For a robust test, the critical values were coqputed by simulating the empirical distribution of 2LR(0, G), similarly to the procedure described for VT. The results of the first row of table 1 show that H, is rejected in all cases, but H, is not rejected for the local and global nonlinear separability nested models while it is rejected for the global linear separability case. This is consistent with the non-nested tests, except for the global linear separability version for Hc.
Finally, an important question is whether the FAST model proposed here is indeed more flexible than the three types of nested separable models typically used. The rather intensive computation required for the tests reported below was coded in Fortran using GQOPT and ESSL subroutines. Further details on the estimated models are available from the author upon request.
